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 The Gluon Distribution in Cold Nuclear Matter 
 at Low-x: 
◦ Single p0 production 

◦  p0 pairs 

◦ Prompt Photons 

 

 Source of AN in p+p Collisions: 
◦ Prompt Photon AN  

◦ p0 correlations with jet-like clusters 

 “pioneering” measurement 

◦ Jet AN  
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Extended kinematic 
range for existing 
measurements 
(pT>1 GeV/c, E>20GeV) 



 Lack of data means large uncertainties at low-x 
 Additional complications 
◦ Saturation, energy loss, shadowing, anti-shadowing 
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shadowing/saturation in nuclei 

Eskola , Paukkunen, Salgado, JHP04 (2009)065 



DGLAP 

BFKL 

BK/JMWLK 

 High gluon density, small coupling at low x (pg/pN) 
◦ More in nuclei than nucleons 

 

 

 

 

 

 

 

 

 Can describe saturated 

gluon distribution as a field 

Linear QCD 
BFKL: gluon  
emission 

Nonlinear QCD 
BK/JMWLK 
gluon 
recombination 

See Ann. Rev. Nucl Part (60) 2010 F. Gelis et al., , arXiv:1002.0333) 

(McLerran, Venugopalan) 

 What effects of incoming parton dynamics? 
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PT is balanced 
by many gluons 

Dilute 
parton 
system 

(deuteron) 

Dense gluon 

field (Au) 

 

Saturation = dense gluon field 
Forward-Forward Mid-Forward 
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Direct Photons 
Dominated by gluon 
Compton at forward 
rapidites 
 
 
 
 
 
 
 
 
 
 
Same level of production in 
pythia and NLO calculations 
(within ~2x) 

Fragmentation Photons 
Comparable between pythia 
and NLO calculations 

(+ other 
diagrams) 

QED Radiation (initial state) 
Production over-estimated in  
Pythia (Included in direct in NLO ) 

(+ other 
diagrams) 

x2 

3.1<h<3.6 

d(p)+A:   
low-x gluons 
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A combined charged particle 
tracker and EM preshower detector 
– dual gain readout allows 
sensitivity to MIPs and full energy 
EM showers. 
 

• p0 rejection (direct photons) 
• p0 reconstruction out to 

>80GeV 
• Charged track identification 

3.1<h<3.8 
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p0 mesons reconstructed  
in p+p jet events (E>20GeV) 

mass (GeV/c2) 

1.8mm x 15mm “minipad” sensor 

Dual SVX-4 Readout Card 

Cross-Section View: 

Detector elements are Si 
“minipad” detectors, one 
layer per tungsten gap, 
oriented in X and Y 
(alternating layers).  



 Need to be: 
◦ Sensitive to MIPs in first layer 

◦ Not saturated at last layer 

 

 

 

 

 

 

 

                         

                   128 minipads become 256 channels 

MPC-EX MPC 
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charge 
split 

QH 

QL 

150 

Charge 



 For pT>3GeV 
◦ dir/(dir+frag) – 57.4% 

◦ signal/p0 – 43% 
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pT (GeV) 

200GeV MB p+p 



 pT >3GeV 
◦ 100% of direct photons from 𝑞 + 𝑔 

◦ 93%(7%) of fragmentation photons from 𝑞 + 𝑔 (𝑞 + 𝑞  ) 
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 𝛾𝐼𝑛𝑐𝑙 = inclusive photon yield 
after hadron subtraction 

 (
𝛾𝐼𝑛𝑐𝑙

𝜋0
)𝑆𝑖𝑚 = simulated 

photon-to-pion ratio 

𝛾𝑠𝑖𝑔𝑛𝑎𝑙 = 𝛾𝐼𝑛𝑐𝑙 ∗ (1 −
1

𝑅𝛾
) 𝑅𝛾 = 

(
𝛾𝐼𝑛𝑐𝑙
𝜋0

)𝑀𝑒𝑎𝑠

(
𝛾𝐼𝑛𝑐𝑙
𝜋0

)𝑆𝑖𝑚
 

𝑅𝑝𝐴 =
1

𝑁𝑐𝑜𝑙𝑙

𝛾𝐼𝑛𝑐𝑙
𝑝𝐴 ∗ 1 − 1/𝑅𝛾

𝑝𝐴

𝛾𝐼𝑛𝑐𝑙
𝑝𝑝 ∗ 1 − 1/𝑅𝛾

𝑝𝑝
 

d+Au as an example 
p+A similiar 
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EPS09 as a baseline 
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90% C.L. 

◦ Weight events in x,Q2 
according to EPS09 to 
generate RpAu for each 
curve 

◦ Assume the RpAu value 
we measure corresponds 
to the EPS09 baseline 

◦ Vary Rpp
g, R

pAu
g, g

pAu
incl 

and gpp
incl within 3-sigma 

systematic errors 

 

◦ Evaluate EPS09 curves to 
see which are consistent 
within 90% C.L.  

 

 Prompt photons in MPC-EX -> Precise Measurement of Gluons at Low-x  

Measurement region 
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assuming EPS09 upper curve assuming EPS09 lower curve 

Ultimate sensitivity depends on the 
measurement and a full NLO fit. 



 Nuclear parton distribution functions (e.g. 
EPS09) aren’t the whole story! 

 

 In p/d+A you probe cold nuclear matter with a 
parton, not a photon. 
◦ It can lose energy before the hard scattering 
◦ It can lose energy after the hard scattering 
◦ It can experience multiple scattering 

 

 Tool in the short run: g-h correlations 
◦ g will reflect only initial state effects 
◦ h will have both initial and final state scattering and 

energy loss 
◦ Measure the difference via p+A vs. p+p 
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 Direct g  - Structure + initial state energy loss 

 Correlations:  g vs. h - Final state parton dynamics 
◦ Probe as a function of y 
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Kang, Yuan: PRD 84, 034019 (2011) 

Single spin asymmetries can act as  
a probe of the saturation scale. 

A unique capability of RHIC! 
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Qsp
2 = (1.0 GeV)2 

QsA
2 = (2.5 GeV)2 

 = 0.16 GeV 

• Dependence of QsA on A 
• Combined with other 

measurements this can estimate Qsp  



 Production testing on-going at SB 

 All micromodules will undergo cosmic ray 
testing before installation 
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Measured Rate:  300/minipad/day (5Hz) 
(will be slightly limited by readout) 

Scintillators about same 
size as one half layer 
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20k Events 

Pedestals are stable over the run: 
• High sensitivity channels have broader 

pedestal fluctuations, higher average 
pedestals 

• Low sensitivity channels have very stable 
pedestals 

High 
Low 



 Different modules 
◦ MIP peak 

consistent 

◦ Pedestals 
consistent 
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After pedestal 
subtraction 



 GEM trackers will both count and vector in the electron(s) 

 EX and MPC are on remote-controlled lift table. 

 MPC is additionally on sliding table. 

 Experiment begins w/o EX 
◦ MPC moves to center beam in each crystal  Energy 

Calibration. 

GEM Trackers 

EX MPC 5Hz – single and 
double electrons 
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 MPC-EX detector will provide exciting physics 
opportunities 
◦ Low-x gluon nPDF  

 More understanding of CNM effects (saturation, shadowing, 
etc…) 

 Initial conditions for RHIC heavy ion collisions 
◦ Direct photons and g-hadron correlations 

 MPC-EX ready for Run 15 with minimal 
commissioning 
◦ Production testing on-going 
◦ Installation in the fall 
◦ Cosmic rays on the test bench 
◦ EM showers at SLAC 

 

 Exciting future for p+A! 
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6/17/2014 BNL p+A Workshop 24 

Multi-parton 
interactions 
can contribute 
to the 
suppression of 
the away-side 
correlation 
strength. 

Phys. Rev. D 84 014008 
(2011)  

Forward rapidity corresponds to high-x in 
the projectile nucleon (d or p). Nuclear 
corrections at high-x are large for the 
deuteron, which may necessitate d+p 
running for proper comparison. 

…and you can’t polarize the deuteron at RHIC… 
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6/17/2014 BNL p+A Workshop 29 
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 6% in  

 

 4% in  

 

 20% from hadron subtraction 

 

        = 7.2% 
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 Kang and Yuan,  PRD 84, 034019 

6/17/2014 BNL p+A Workshop 33 
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A systematic study of SSA’s in spin-polarized p+A collisions 
would allow us to study the gluon saturation scale.   



 500k single e - half in 
each arm for 50GeV & 
100GeV 

 5.8fC per MIP in 500u 
silicon 

 MIP ~ 200keV 

 So 1000fC corresponds 
to 34000keV 
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50GeV 

100GeV 


